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1
RESOURCE ALLOCATION METHOD AND
BASE STATION IN ORTHOGONAL
FREQUENCY DIVISION MULTIPLEXING
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/CN2011/077810 filed on Jul. 29, 2011,
which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates to the field of mobile com-
munications, and in particular, to a resource allocation
method and a base station in an orthogonal frequency division
multiplexing (OFDM, Orthogonal Frequency Division Mul-
tiplexing) system.

BACKGROUND

With the increasing development and change of the com-
munications technologies, a radio technology gradually
develops into a broadband radio network, and services are
also developed from voice services to multimedia services. In
addition, demands for multimedia services such as a video, a
video conference, and a game are continuously growing.
Generally, these services are called streaming services and
are quite sensitive to quality of service (QoS, Quality of
Service) of delay, which is reflected in queue time delay
limitation in an allocation principle of radio resource man-
agement (RRM, Radio Resource Management). Based on
different requirements for time delay, regarding energy sav-
ing, there is room for optimization of varying degrees in a
design of a system transmission resource allocation algo-
rithm.

For the design of the system transmission resource alloca-
tion algorithm, channel state information (CSI, Channel State
Information) is very important. In an actual system, the CSIis
always not ideal enough, and the CSI may be not accurate
enough because of an accuracy limitation caused by a differ-
ence between measurement time and use time. Therefore,
channel state information at transmitter (CSIT, Channel State
Information at Transmitter) determined by a base station
based on the CSl is also inaccurate. However, in many exist-
ing designs of the system transmission resource allocation
algorithm, it is assumed that an RRM algorithm of a system is
ideal, and a packet error problem caused by CSIT inaccuracy
is ignored. However, inaccuracy of CSIT information will
affect an actual instant channel capacity of the system, and
when the system capacity cannot be determined, a packet
error probability cannot approach zero even when channel
code with a strong error-correcting feature is used.

In a study, the inventor found that a resource allocation
method in the prior art has the following defects: The problem
of non-ideal CSI is not considered in the prior art, and as a
result, a relatively large packet error ratio is easily produced
when a base station transmits data, which degrades system
performance. In addition, in an existing resource allocation
method for services sensitive to time delay, total power con-
sumption of sending data by the base station is relatively high.
Further, there is no such a method for lowering the total power
consumption of the system on the basis of considering a
trade-off relationship between power and time delay of the
base station.
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2
SUMMARY

Embodiments of the present invention provide a resource
allocation method and a base station in an OFDM system used
for a base station to dynamically adjust rate and power of
sending data in each scheduling timeslot, which can effec-
tively reduce an impact of inaccurate CSI on a system packet
error ratio and lower total power consumption of sending data
by the base station.

The resource allocation method in the embodiment of the
present invention includes: acquiring, by a base station, chan-
nel state information CSI of a current scheduling timeslot;
obtaining a compensation factor according to the CSI and a
preset packet error ratio, where the compensation factor is a
value corresponding to the preset packet error ratio in an
inverse cumulative distribution function of a non-central chi-
square random variable and a non-central parameter; replac-
ing the CSI with the compensation factor, and determining a
functional relationship between rate and power of sending
data by the base station if a packet error ratio of the base
station is less than or equal to the preset packet error ratio; and
determining, according to the functional relationship and a
generalized dynamic back pressure algorithm, the rate and
total power of sending data by the base station, so as to
minimize the total power of the base station.

The base station in the embodiment of the present inven-
tion includes: a first acquiring unit, configured to acquire, by
a base station, channel state information CSI of a current
scheduling timeslot; a compensation factor determining unit,
configured to obtain a compensation factor according to the
CSI, where the compensation factor is a value of a preset
packet error ratio in an inverse cumulative distribution func-
tion of a non-central chi-square random variable and a non-
central parameter; a functional relationship determining unit,
configured to replace the CSI with the compensation factor,
and determine a functional relationship between rate and
power of sending data by the base station if a packet error ratio
of the base station is less than or equal to the preset packet
error ratio; and a resource allocation unit, configured to deter-
mine, according to the functional relationship and a general-
ized dynamic back pressure algorithm, the rate and total
power of sending data by the base station, so as to minimize
the total power of the base station, where the generalized
dynamic back pressure algorithm is a back pressure algorithm
including a delay factor and a power-delay trade-off param-
eter.

It can be seen from the foregoing technical solution that the
present invention has the following advantages:

a compensation factor is determined by using CSI and a
preset packet error ratio, the CSI is replaced with the com-
pensation factor, and a functional relationship between rate
and power for a base station to send data is determined when
a packet error ratio of the base station is less than or equal to
the preset packet error ratio. The packet error problem caused
by inaccuracy of non-ideal CSI is effectively solved by using
the compensation factor, and the packet error ratio of the base
station can be effectively controlled. In addition, the rate and
total power of sending data by the base station are determined
by using the functional relationship and a back pressure algo-
rithm that includes a delay factor and a power-delay trade-off
parameter, so that the total power of the base station is mini-
mized, and power consumption of the base station is lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a resource allocation
method in an OFDM system according to an embodiment of
the present invention;
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FIG. 2 is another schematic diagram of a resource alloca-
tion method in an OFDM system according to an embodiment
of the present invention;

FIG. 3 is a schematic diagram of a base station according to
an embodiment of the present invention; and

FIG. 4 is another schematic diagram of a base station
according to an embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention provide a resource
allocation method and a base station in an OFDM system,
used for a base station to determine rate and total power
consumption of sending data in each scheduling timeslot,
which can dynamically allocate and adjust resources for dif-
ferent timeslots, effectively reduce a packet error problem
caused by inaccuracy of non-ideal CSI, and achieve minimum
total power consumption.

Refer to FIG. 1, FIG. 1 is an embodiment of a resource
allocation method in an OFDM system according to an
embodiment of the present invention, which includes the
following steps.

101: A base station acquires channel state information of a
current scheduling timeslot.

In the OFDM system, the base station performs resource
allocation in units of scheduling timeslots, and allocates rate
and total power of sending data by the base station in each
scheduling timeslot.

Inthe embodiment of the present invention, the base station
acquires CSI of a subcarrier in the current scheduling
timeslot, where the CSI includes channel quality indication
information, precoding matrix indicator information, and
rank indicator information.

102: Obtain a compensation factor according to the chan-
nel state information and a preset packet error ratio.

Inthe embodiment of the present invention, the base station
obtains the compensation factor according to the CSI and the
preset packet error ratio, where the compensation factor is a
value corresponding to the preset packet error ratio in a cumu-
lative distribution function of a non-central chi-square ran-
dom variable and a non-central parameter.

103: Replace the channel state information with the com-
pensation factor, and determine a functional relationship
between rate and power of sending data by the base station if
a packet error ratio of the base station is less than or equal to
the preset packet error ratio.

After obtaining the compensation factor, the base station
replaces the CSI with the compensation factor, and deter-
mines the functional relationship between the rate and the
power of sending data by the base station if the packet error
ratio of the base station is less than or equal to the preset
packet error ratio.

In the embodiment of the present invention, the functional
relationship between the rate and the power of sending data
by the base station is determined on the premise that the actual
packet error ratio of the base station is less than or equal to the
preset packet error ratio, which can effectively solve the
packet error problem caused by non-ideal CSI.

104: Determine, according to the functional relationship
and a generalized dynamic back pressure algorithm, the rate
and the total power of sending data by the base station, so as
to minimize the total power of the base station.

Inthe embodiment of the present invention, the base station
determines, according to the functional relationship and the
generalized dynamic back pressure algorithm (GDBP, Gen-
eralized Dynamic Back Pressure), the rate and the total power
of'sending data by the base station, so as to minimize the total
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power of the base station, where the GDBP is a back pressure
algorithm (DBP, Dynamic Back Pressure) including a delay
factor and a power-delay trade-off parameter. The delay fac-
tor is used to indicate urgency of time delay during data
transmission, and the power-delay trade-off parameter is used
to indicate a trade-off relationship between the power of
sending data by the base station and delay performance.
Using the GDBP including the delay factor and the power-
delay trade-oftf parameter may enable the base station to
determine the most optimized rate and total power of sending
data on the premise of considering requirements on the delay
performance and power consumption.

Inthe embodiment of the present invention, the total power
of sending data is a sum of the power of sending data by the
base station and circuit power.

In the embodiment of the present invention, a compensa-
tion factor is determined by using CSI, the CSI is replaced
with the compensation factor, and a functional relationship
between rate and power of sending data by a base station is
determined when a packet error ratio of the base station is less
than or equal to a preset packet error ratio, so that the base
station can allocate a resource in the case of considering
non-ideal CSI, and effectively control the packet error ratio of
the base station. In addition, optimal rate and total power of
sending data by the base station are determined by using the
functional relationship and GDBP that includes a delay factor
and a power-delay parameter trade-off parameter, so that total
power consumption of sending data by the base station may
be minimized, thereby lowering energy consumption.

Refer to FIG. 2 for a better understanding of the technical
solution of the present invention. FIG. 2 is an embodiment of
a resource allocation method in an OFDM system according
to an embodiment of the present invention, which includes the
following steps.

201: A base station acquires channel state information of a
current scheduling timeslot.

Inthe embodiment of the present invention, the base station
acquires CSI of a subcarrier in the current scheduling
timeslot. The CSI reflects changes of a wireless transmission
channel quality over time, is a result of a combined action of
different types of channel fading (such as path loss, shadow
fading, and fast fading), and is generally characterized by
attenuation of an amplitude and rotation of a phase for send-
ing a signal. The CSI includes channel quality indication
information, precoding matrix indicator information, and
rank indicator information.

For an OFDM system with multiple subcarriers, the base
station acquires CSI of one link in a current scheduling
timeslot. In the embodiment of the present invention, there
are multiple subcarriers over one link. CSIT refers to channel
state information of each independent subcarrier, and CSIT of
all subcarriers on one link forms the CSI of the current sched-
uling timeslot of the base station. In a time division duplexing
(TDD, Time Division Duplexing) system, the base station
performs channel estimation for a channel of a subcarrier in a
current scheduling timeslot to obtain CSI of the current
scheduling timeslot of the base station. In a frequency divi-
sion duplexing (FDD, Frequency Division Duplexing) sys-
tem, a user terminal performs measurement and estimation
for channel state information of a base station, and feeds back
the obtained CSI to the base station by using uplink channel
information, and the base station receives the CSI of the
current scheduling timeslot that is fed back by the user ter-
minal. The manner of feeding back the uplink channel infor-
mation includes periodic channel information feedback over
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a physical uplink control channel and non-periodic channel
information feedback over a physical uplink data shared
channel.

In the embodiment of the present invention, if the current
scheduling timeslot has n, subcarriers, a CSIT estimation
value of the n™ subcarrier in a frequency domain is as follows:

A,=H,+AH, AH ~CN(0,5,%)

where H, is an actual CSIT of the n” subcarrier, AH,
represents an error value of the CSIT, and AH,, satisfies a
circularly symmetric Gaussian distribution where a mean
value is 0 and a variance is 0,°.

202: Obtain a compensation factor according to the chan-
nel state information and a preset packet error ratio.

Inthe embodiment of the present invention, the base station
obtains the compensation factor according to the CSI and the
preset packet error ratio, where the compensation factor is a
value corresponding to the preset packet error ratio in an
inverse cumulative distribution function of a non-central chi-
square random variable and a non-central parameter.

In the embodiment of the present invention, the non-central
chi-square random variable is \?, the non-central parameter
is %, and Fy2 2! is the inverse cumulative distribution func-
tion of the non-central chi-square random variable 1 and the
non-central parameter s°, where a computational formula of
the non-central chi-square random variable \* is as follows:

1
vt =5 2 Ml

nelp

where a degree of freedom of y? is 2N, and a variance is
0,%/N; and

15 is a set of N ; independent subcarriers, N, is a resolution
multipath number of a frequency selective channel, and

w

Ne=|37)

W is a signal bandwidth, Af, is a coherence bandwidth, and
H,, refers to the actual CSIT of the n? subcarrier.

A computational formula of the non-central parameter s is
as follows:

1 A2
=5 Dl
dneIB

where H, is a CSIT estimation value of the n? subcarrier.

Inthe embodiment of the present invention, the base station
obtains the cumulative distribution function determined by
the non-central chi-square random variable and the non-cen-
tral parameter, solves the cumulative distribution function by
taking the preset packet error ratio as a variable, and takes the
solved numerical value as a value of the compensation factor
of the current scheduling timeslot.

203: Acquire queue state information of the current sched-
uling timeslot of the base station.

Inthe embodiment of the present invention, the base station
acquires the queue state information QSI of the base station in
the current scheduling timeslot, where the QSI refers to the
total number of buffered data packets of remaining service
data in a queue at the beginning of the current scheduling
timeslot.
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6

It should be noted that step 203 may also be executed
before or after step 201, or be executed simultaneously with
step 201. Therefore, in the embodiment of the present inven-
tion, the time for obtaining the QSI is not limited.

204: Replace the channel state information with the com-
pensation factor, and determine, according to the queue state
information, a functional relationship between rate and power
of sending data by the base station, so as to make the packet
error ratio of the base station less than or equal to the preset
packet error ratio.

Inthe embodiment of the present invention, the base station
uses the QSI, replaces the CSI with the compensation factor,
and determines the functional relationship between the rate
and the power of sending data by the base station, so as to
make the packet error ratio of the base station less than or
equal to the preset packet error ratio.

In the embodiment of the present invention, if a model is
built for the packet error ratio by using a probability that the
rate of sending data by the base station exceeds instant inter-
action information, a computational formula of the packet
error ratio of the rate r (bit/sec) of sending data based on the
CSI and QSI is as follows:

np-1

Pyl Hyl?
r> log(l+L]
z : ne

n=1

where P, is the power of sending data, ﬁ:(ﬁo, e ﬁnr OF
is the CSI of the current scheduling timeslot, and U refers to
the QSI, namely, the total number of buffered data packets of
remaining service data in a queue at the beginning of the
current scheduling timeslot.

In the embodiment of the present invention, in order to
avoid an inaccuracy problem caused by non-ideal CSI, it is
necessary to control the packet error ratio of the base station,
and specifically, the actual bit error ratio of the base station
needs to be less than or equal to the preset bit error ratio.
Therefore, PER(P,,r;H,U) is less than or equal to the preset
bit error ratio €,, and the following formula is obtained:

PER(P,.. r; H, U) = Pr| (7. U]

np-1

Z Py Hy,?
r> log(l + L]
g
n=1

In the embodiment of the present invention, Fland H, in the
preceding formula are replaced with the compensation factor,
and the formula is solved, so as to obtain the functional
relationship between the rate and the power of sending data
by the base station as follows:

& = Pr

‘ 1, 0]

N (@"F — Ding

Pulr H)=
IX( Fﬁ;xz (&)

205: Determine, according to the functional relationship
and a generalized dynamic back pressure algorithm, the rate
and total power of sending data by the base station, so as to
minimize the total power of the base station.

After obtaining the functional relationship between the rate
and the power of sending data, the base station determines,
according to the functional relationship and GDBP, the rate
and the total power of sending data by the base station, so as
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to minimize the total power of the base station, where the
GDBP is DBP including a delay factor and a power-delay
trade-off parameter. A GDBP algorithm may be used to
achieve minimum power consumption of the base station
under a condition in which stability of a queue is ensured.

In the embodiment of the present invention, the relation-
ship between the total power g of sending data and the power
P, of sending data is as follows:

8§=P,+P

where P__, refers to circuit power, irrelevant to the rate r of
sending data, and is a constant value.

A formula of the rate r of sending data in the GDBP is as
follows:

(U H)=arg max{Ur(1-eJAt=-V{P (nE)+P .} Al}

where U is a value of the QSI, O is a value of the CSI, o is
the delay factor, V is the power-delay trade-off parameter, €,
is the preset packet error ratio, P, is the circuit power, and
P, (r,H) is the power of sending data by the base station.
The base station substitutes

N (@"™F — Dng
P,X(r; H) g
Fd,z;xz (&)

to the formula in the GDBP. The rate and the power of sending
data by the base station may be obtained as follows:

{ Ut (L =2)F 3 2 () H
logg———— = | ;and

r=ng v
g =
U%(1l-g)n n U%(1l-g)n n
( ME 71F P if ( ME 71F -0
v Faale) v Faale)
0, otherwise

It should be noted that, in the embodiment of the present
invention, the delay factor is used to indicate sensitivity of a
service relative to time delay, and the value is between 0-1.
The closer to 1 the delay factor is indicates the higher require-
ment of the service for the delay, and the closer to 0 the delay
factor is indicates the less sensitive of the service to the delay.
In a practical application, the value of the delay factor may be
set according to the degree that the served service is sensitive
to the time delay.

The power-delay trade-off parameter V is used to deter-
mine a trade-off relationship between power consumption
and delay performance, and is a value similar to the Lagrange
multiplier. In a practical application, the specific value of V
may be determined by building a model. Obtaining data by
building a model is a method well known by a person skilled
in the art, and details will not be described herein.

In the embodiment of the present invention, after determin-
ing the rate and the total power of sending data, the base
station transmits a buffered service data to the user terminal
according to the determined rate and total power, and updates
the number of bits in the buffered service data of the queue.

In the resource allocation solution in the embodiment of
the present invention, inaccuracy of non-ideal CSI and total
power consumption of sending data by a base station are fully
considered, and rate and total power consumption of sending
data by the base station are determined by using a compen-
sation factor and GDBP that includes a delay factor and a
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power-delay trade-off parameter, which can effectively
reduce a packet error problem caused by the inaccuracy of the
non-ideal CSI, and minimize the total power consumption of
sending data by the base station.

Refer to FIG. 3, FIG. 3 is an embodiment of a base station
according to an embodiment of the present invention, includ-
ing:

afirst acquiring unit 301, configured to acquire, by the base
station, channel state information CSI of a current scheduling
timeslot;

a compensation factor determining unit 302, configured to
obtain a compensation factor according to the CSI and a
preset packet error ratio, where the compensation factor is a
value of the preset packet error ratio in an inverse cumulative
distribution function of a non-central chi-square random vari-
able and a non-central parameter;

a functional relationship determining unit 303, configured
to replace the CSI with the compensation factor, and deter-
mine a functional relationship between rate and power of
sending data by the base station if a packet error ratio of the
base station is less than or equal to the preset packet error
ratio; and

a resource allocation unit 304, configured to determine,
according to the functional relationship and a generalized
dynamic back pressure algorithm, the rate and total power of
sending data by the base station, so as to minimize the total
power of the base station, where the generalized dynamic
back pressure algorithm is a back pressure algorithm includ-
ing a delay factor and a power-delay trade-off parameter.

In the embodiment of the present invention, a first acquir-
ing unit 301 acquires CSI of a current scheduling timeslot, a
compensation factor determining unit 302 obtains a compen-
sation factor according to the CSI, then a functional relation-
ship determining unit replaces the CSI with the compensation
factor, and determines a functional relationship between rate
and power of sending data by a base station if a packet error
ratio of the base station is less than or equal to a preset packet
error ratio, and a resource allocation unit 304 determines, by
combining the functional relationship and the generalized
dynamic back pressure algorithm, the rate and total power of
sending data by the base station, so as to minimize the total
power of the base station.

In the embodiment of the present invention, the compen-
sation factor is determined by using the CSI, the CSI is
replaced with the compensation factor, and the functional
relationship between the rate and the power of sending data
by the base station is determined when the packet error ratio
of the base station is less than or equal to the preset packet
error ratio, so that the base station can allocate a resource in
the case of considering non-ideal CSI, and effectively control
the packet error ratio of the base station. In addition, optimal
rate and total power of sending data by the base station are
determined by using the functional relationship and GDBP
that includes a delay factor and a power-delay trade-off
parameter, so that total power consumption of sending data by
the base station may be minimized, thereby lowering energy
consumption.

Refer to FIG. 4 for a better understanding of the technical
solution of the present invention. FIG. 4 is an embodiment of
a base station according to an embodiment of the present
invention, including:

a first acquiring unit 301, a compensation factor determin-
ing unit 302, a functional relationship determining unit 303, a
resource allocation unit 304, which are described in the
embodiment and shown in FIG. 3, are similar to content
described in the embodiment and shown in FIG. 3, and will
not be described herein again.
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In the embodiment of the present invention, the compen-
sation factor determining unit 302 includes:

an inverse cumulative distribution function determining
unit 401, configured to obtain an inverse cumulative distribu-
tion function determined by a non-central chi-square random
variable and a non-central parameter; and

acompensation factor solving unit 402, configured to solve
the inverse cumulative distribution function by taking a preset
packet error ratio as a variable, so as to determine the com-
pensation factor.

The functional relationship determining unit 303 includes:

a second acquiring unit 403, configured to acquire queue
state information QSI of the base station in a current sched-
uling timeslot; and

acombined determining unit 404, configured to replace the
CSI with the compensation factor, and determine, according
to the QSI, the functional relationship between the rate and
the power of sending data by the base station, so as to make
the packet error ratio of the base station less than or equal to
the preset packet error ratio.

In the embodiment of the present invention, a first acquir-
ing unit 301 acquires CSI of a current scheduling timeslot, a
inverse cumulative distribution function determining unit 401
in a compensation factor determining unit 302 obtains a non-
central chi-square random variable and a non-central param-
eter to determine a cumulative distribution function, and a
compensation factor solving unit 402 solves the cumulative
distribution function by taking a preset packet error ratio as a
variable, so as to determine the compensation factor. Then, a
second acquiring unit 403 in a functional relationship deter-
mining unit 303 acquires QSI of the base station in the current
scheduling timeslot, and a combined determining unit 404
replaces the CSI with the compensation factor, and deter-
mines, according to the QSI, the functional relationship
between rate and power of sending data by the base station, so
as to make a packet error ratio of the base station less than or
equal to the preset packet error ratio. Finally, a resource
allocation unit 304 determines, according to the functional
relationship and a generalized dynamic back pressure algo-
rithm, the rate and total power of sending data by the base
station, so as to minimize the total power of the base station.

In the embodiment of the present invention, a packet error
problem caused by inaccuracy of non-ideal CSI is fully con-
sidered when the base station determines the rate and the
power of sending data. The CSI is replaced with the compen-
sation factor, which effectively controls the packet error ratio
of'the base station. In addition, the rate and the total power of
sending data by the base station are finally determined by
using a GDBP algorithm, so as to minimize power consump-
tion of the base station.

A person of ordinary skill in the art may understand that all
or a part of the steps of the methods in the foregoing embodi-
ments may be implemented by a program instructing relevant
hardware. The program may be stored in a computer readable
storage medium. The computer storage medium may be a
read-only memory, a magnetic disk, or an optical disk.

The resource allocation method and the base station in the
orthogonal frequency division multiplexing system provided
in the embodiments of the present invention are described
above in detail. A person skilled in the art may make modifi-
cations to the specific implementation and application scopes
based on the spirit of the embodiments of the present inven-
tion. In conclusion, the content of the specification shall not
be construed as a limitation on the present invention.

What is claimed is:

1. A resource allocation method in an orthogonal frequency
division multiplexing system, the method comprising:
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acquiring, by a base station, channel state information
(CS]) of a current scheduling timeslot;

obtaining a compensation factor according to the CSI and
a preset packet error ratio, wherein the compensation
factor is a value corresponding to the preset packet error
ratio in an inverse cumulative distribution function of a
non-central chi-square random variable and a non-cen-
tral parameter;

replacing the CSI with the compensation factor, and deter-

mining a functional relationship between rate and power
of sending data by the base station if a packet error ratio
of the base station is less than or equal to the preset
packet error ratio; and

determining, according to the functional relationship and a

generalized dynamic back pressure algorithm, the rate
and total power of sending data by the base station, so as
to minimize the total power of the base station, wherein
the generalized dynamic back pressure algorithm is a
back pressure algorithm comprising a delay factor and a
power-delay trade-off parameter.

2. The method according to claim 1, wherein obtaining a
compensation factor according to the CSI and a preset packet
error ratio, wherein the compensation factor is a value corre-
sponding to the preset packet error ratio in an inverse cumu-
lative distribution function of a non-central chi-square ran-
dom variable and a non-central parameter comprises:

obtaining the inverse cumulative distribution function

determined by the non-central chi-square random vari-
able and the non-central parameter; and

solving the inverse cumulative distribution function by

taking the preset packet error ratio as a variable, so as to
determine the compensation factor.
3. The method according to claim 1, wherein replacing the
CSI with the compensation factor, and determining a func-
tional relationship between rate and power of sending data by
the base station if the packet error ratio of the base station is
less than or equal to the preset packet error ratio comprises:
acquiring queue state information QSI of the base station in
a current scheduling timeslot; and

replacing the CSI with the compensation factor, and deter-
mining, according to the QSI, the functional relationship
between the rate and the power of sending data by the
base station, so as to make the packet error ratio of the
base station less than or equal to the preset packet error
ratio.

4. The method according to claim 1, wherein a formula of
the generalized dynamic back pressure algorithm is:

U H)=arg max{USr(1-eJAt=-V{P (nE)+P, .} Ar}

wherein r is the rate of sending data by the base station, U
is a value of the QSI, H is a value of the CSI, « is the
delay factor, V is the power-delay trade-off parameter, €,
is the preset packet error ratio, P, is a circuit power, and
P_.(r,H) is the power of sending data by the base station.

5. The method according to claim 1, wherein the functional

relationship between the rate and the power of sending data
by the base station is:

N (@"F — Ding
P,X(r; H) G
Faale)

wherein r is the rate of sending data by the base station, n.
is the number of subcarriers in the current scheduling
timeslot, and F‘lwz;g(et) refers to a value of the compen-
sation factor when the preset packet error ratio is €,.



US 9,225,569 B2

11
6. The method according to claim 1, wherein formulas of
the rate and the total power of sending data by the base station
are:

r=np
14

{ UL =e)F 3 2 () H
logg——— | , and

10
ng

— >0
F¢,2;52 (&)

0, otherwise,

U%(1 —e)np np o UM (L—sg)np
- + Py, if -
v F;%;SZ (€3] 14

respectively, 15

wherein n. is the number of subcarriers in the current
scheduling timeslot, U is the value of the QSI, a is the
delay factor, V is the power-delay trade-off parameter, €,
is the preset packet error ratio, P, is the circuit power,
and F‘lwz;;(et) refers to a value of the compensation
factor when the preset packet error ratio is €,.

7. The method according to claim 1, wherein acquiring, by
the base station, channel state information CSI of a current
scheduling timeslot comprises:

receiving, by the base station, the CSI of the current sched-
uling timeslot that is fed back by a user terminal;

or,

performing, by the base station, channel estimation on a
channel of a subcarrier in the current scheduling
timeslot, so as to obtain the CSI ofthe current scheduling
timeslot.

8. A base station, comprising:

a first acquiring unit, configured to acquire, by the base
station, channel state information (CSI) of a current
scheduling timeslot; =

a compensation factor determining unit, configured to
obtain a compensation factor according to the CSI,
wherein the compensation factor is a value of a preset
packet error ratio in an inverse cumulative distribution
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function of a non-central chi-square random variable
and a non-central parameter;

a functional relationship determining unit, configured to
replace the CSI with the compensation factor, and deter-
mine a functional relationship between rate and power of
sending data by the base station if a packet error ratio of
the base station is less than or equal to the preset packet
error ratio; and

aresource allocation unit, configured to determine, accord-
ing to the functional relationship and a generalized
dynamic back pressure algorithm, the rate and total
power of sending data by the base station, so as to mini-
mize the total power of the base station, wherein the
generalized dynamic back pressure algorithm is a back
pressure algorithm comprising a delay factor and a
power-delay trade-off parameter.

9. The base station according to claim 8, wherein the com-

pensation factor determining unit comprises:

an inverse cumulative distribution function determining
unit, configured to obtain the inverse cumulative distri-
bution function determined by the non-central chi-
square random variable and the non-central parameter;
and

a compensation factor solving unit, configured to solve the
inverse cumulative distribution function by taking the
preset packet error ratio as a variable, so as to determine
the compensation factor.

10. The base station according to claim 8, wherein the

functional relationship determining unit comprises:

a second acquiring unit, configured to acquire queue state
information QSI of the base station in a current sched-
uling timeslot; and

a combined determining unit, configured to replace the CSI
with the compensation factor, and determine, according
to the QSI, the functional relationship between the rate
and the power of sending data by the base station, so as
to make the packet error ratio of the base station less than
or equal to the preset packet error ratio.

#* #* #* #* #*



